Assembly reaction of copper(I) chloride, 2,2 -bipyridine-3,3 -dicarboxylic acid (H 2 L) and 2,2 -bipyridine results in the formation of a new complex [Cu 2 (C 12 H 6 O 4 N 2 ) 2 (2,2 -bipy) 2 ] · CH 3 OH (1). In 1, two L 2− ligands link two Cu(II) ions to form a dinuclear structure. The electrochemical and magnetic properties of 1 were investigated. The results show that the electron transfer is irreversible in the electrode reaction, corresponding to Cu(II)/Cu(0). 1 is paramagnetic and exhibits a weak antiferromagnetic coupling.
Introduction
Complexes with carboxylate ligands have captured extensive interest of researchers due to their intriguing structure topology and potential applications in materials and medicinal chemistry, molecular electrochemistry and biochemistry [1 -5] . Up to now, in this field, much attention has been focused on the pyridine dicarboxylic acid system with multi-connecting ligands. For example, 2,3-, 2,5-, 3,4-and 3,5-pyridine dicarboxylic acids have been found to act as excellent building blocks in the construction of functional complexes [6 -9] . Compared with the previously investigated pyridine dicarboxylate ligands, 2,2 -bipyridine-3,3 -dicarboxylic acid (H 2 L) has the advantage of multiple coordinating atoms and bridging moieties, which leads to a variety of connectivities for transition metal centers and provides various structural motifs [10 -14] .
In order to further investigate the influence of the pyridine carboxylate ligand L 2− and of different metal ions on the coordination architectures and properties, in this contribution we report the crystal structure and the electrochemical and magnetic properties of the new Cu(II) complex [Cu 2 (C 12 H 6 O 4 N 2 ) 2 (2,2 -bipy) 2 ] · CH 3 OH (1).
Experimental Section

Reagents and instrumentation
The reagents were obtained from commercial sources and used without further purification. C, H, N analysis was con-0932-0776 / 11 / 0900-0894 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com ducted by means of a PE-2400(II) apparatus. Melting point measurements were executed on a XT4 binocular micromelting point apparatus (made in Beijing). Cyclic voltammetry was measured on a LK98 electrochemical analysis system (made by Tianjin Lanlike Chemical and Electronic Hightech Co., Ltd.). Powder X-ray diffraction (PXRD) patterns were measured on a Rigaku D/Max 2500 X-ray diffractometer with CuK α radiation (λ = 1.54056Å) at r. t. Magnetic measurements in the range of 2.8 -300 K were performed on a MPMS-SQUID magnetometer at a field of 2 kOe on a crystalline sample in the temperature settle mode. 
Crystal structure determination
The X-ray data collection for 1 was carried out on a Rigaku Saturn CCD area detector system at 293(2) K by using graphite-monochromatized MoK α (λ = 0.71073Å) radiation. The absorption correction was carried out by the Table 1 . Crystal data and numbers pertinent to data collection and refinement for 1. Table 2 . Selected bond lengths (Å) and bond angles (deg) for 1.
81.34 (17) program SADABS [15] . The structure was solved by Direct Methods and refined by full-matrix least-squares techniques using the programs SHELXS-97 [16] and SHELXL-97 [17] . All hydrogen atoms were generated geometrically and refined isotropically using the riding model. Details of the crystal parameters, data collection and refinements are summarized in Table 1 , and selected bond lengths and angles are listed in Table 2 . CCDC 829761 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
Results and Discussion
Synthesis
It is worth noting that the synthesis of the Cu(II) complex starting from copper(I) chloride was con- ducted in oxygen atmosphere. During the experimental process, Cu(I)Cl probably reacted first with the ligands resulting in the synthesis of a Cu(I) complex. Then the Cu(I) complex was oxidized by air leading to the Cu(II) complex reported in this paper. Under the conditions reported in this paper, we once tried to synthesize the title complex by using cupric salts such as copper(II) acetate and copper(II) chloride as starting materials, but we did not succeed. On the basis of these facts, we believe that the substitution of Cu(II) for Cu(I) under the reported conditions will possibly not result in the synthesis of this Cu(II) complex. In addition, the CH 3 OH solvent molecule and a carboxylate group are linked via a O5-H5A···O1 hydrogen bond with a D··· A distance of 3.058(8)Å and a D-H-A angle of 120 • . The hydrogen bonds contribute to the overall stability of 1. Fig. 2a shows the cyclic voltammogram (CV) of 1. In the CV measurement, we employed a conventional three-electrode system where glass/C was chosen as the working electrode, a saturated calomel electrode (SCE) as the reference electrode, and a platinum electrode as the counter electrode. The complex was dissolved in methanol, the resulting solution having a concentration of 1 × 10 −5 mol L −1 . A HAc-NaAc solution (pH = 4.0) was used as a buffer, and KCl as the supporting electrolyte. The scanning range was −0.5 to 0.5 V, and the scan rate was 90 mV s −1 . The results show that there exists only one oxidation peak with a peak potential at −0.156 V, demonstrating that the electron transfer in the electrode reaction is irreversible.
Structure description
Electrochemical properties
Under the same conditions, the influence of the potential scan rate on the oxidation peak potential was studied in the range 60 -300 mV s −1 (Fig. 2b) . The results show that the oxidation peak potential (E pa ) shifts to more positive values with increasing scan rate, and that it is proportional to lgv in the range 90 -300 mV s −1 . The linear regression equation is E pa (V ) = 0.00463 lgv -0.2474 with the correlation coefficient 0.9949 (Fig. 2c) . Based on the slope of E pa with lgv, the number of electrons involved in the oxidation of the title complex can be evaluated. The α n is calculated to be 1.2. Generally, the electron transfer coefficient α is about 0.5 in the totally irreversible electrode process. So, the value of n is about 2, indicating that two electrons are involved in the oxidation of the title complex, and the electrode reaction corresponds to Cu(II)/Cu(0).
PXRD pattern and magnetic properties
The purity of 1 was confirmed by powder X-ray diffraction analyses, in which the experimental pattern of 1 is almost consistent with its simulated pattern (Fig. 3) . The temperature dependence of the magnetic susceptibility of 1 was investigated from 300 to 2.8 K with an applied magnetic field of 2 kOe. The curves χ M T vs. T and 1/χ M vs. T are shown in Fig. 4 . The product of χ M T decreases gradually from 0.64 cm 3 K mol −1 at 300 K to 0.59 cm 3 K mol −1 at 2.8 K (Fig. 4a) . According to the Curie-Weiss law, χ M = C/(T − θ ), the Curie constant (C = 0.64 cm 3 K mol −1 ) and Weiss constant (θ = −1.52 K) are obtained from a linear fit of the 1/χ M data between 2.8 and 300 K (Fig. 4b ) Such magnetic behavior Fig. 3 (color online) . The experimental and simulated powder X-ray diffraction patterns of 1. indicates that 1 is a paramagnetic system and shows a weak antiferromagnetic coupling.
Conclusion
From 2,2 -bipyridine-3,3 -dicarboxylic acid and copper(I) chloride, we have synthesized a new copper(II) rather than a copper(I) complex. This is because of the oxidation of Cu(I) in the course of the experiment. The complex was characterized by X-ray diffraction analysis, and CV and magnetic measurements. The results indicate that the complex is paramagnetic and shows weak antiferromagnetic coupling.
